Research on the use of Near-infrared Spectroscopy for rapid predict oil fatty acid content, proposed a method based on fatty acid content to identify the oil species. Collect five kinds of 133 parts of edible oil data samples by Near-infrared spectroscopy. The original spectroscopy were pretreated by using standard normal variable variation and De-trending(SNV-DT), and using support vector machine regression (SVR) build quantitative models of fatty acids, using Support Vector Classification (SVC) to establish the type of oil qualitative model. Results show, Using palmitic acid, oleic acid, linoleic three kinds of fatty acids it is feasible. Three kinds of fatty acid quantitative model prediction set correlation coefficients were 95.0876%,99.8592% and 98.5951%. Quantitative -Qualitative model prediction accuracy rate of 100% set. Studies shows that Near-infrared spectroscopy can quickly predict oil fatty acid content, and discriminating oil species. This research has a strong practical and popularization value. In order to develop a kind of rapid method which predict fatty acid content and use it to identify the oil species to provide technical support.
. Edible oil is rich in fatty acids of which the composition and content mainly determine the nutritional value, quality, and price of edible oil. Due to the temptation of high price, many unscrupulous merchants mix low-value oil with high-value oil, violating the interests of consumers and lawful enterprises. Therefore, it is very important to develop a method to fast determine the content of fatty acid and to identify the type of oils in the market.
At present, the edible-oil-type-identification techniques are generally based on physical and chemical indicators, spectroscopy, and chromatography [2] . The first method has low accuracy, only for preliminary screening. The second one (spectroscopy) is fast but also has low accuracy. Chromatography has high accuracy but is not fast enough.
Near-infrared spectroscopy (NIS) is a rapid, low-cost, easy-pretreatment, non-destructive, environmentally sound detection technology developed in the 1970s. NIS can analyze both the composition and structure of a material [3] , and has been widely used in fields of medicine, tea, powdered milk, meats and so on [4] . The method combining NIS with support vector machine has been applied in quantitative analysis [5] . We adopted this combining method herein to develop a quantitative model for the determination of fatty acid content in edible oils. Based on the quantitative model, a qualitative model was established to fast and accurately identify types of oils.
Experimental Section
Samples 133 common edible oils, belonging to 5 categories, sold in the major supermarkets in Wuhan City, were sampled. SPXY (sample set portioning based on joint x-y distances) algorithm was used to select 100 samples to be the calibration set and 33 samples to be the prediction set at a ratio of 3 : 1. The calibration set was used for modeling and the prediction set was used to test the predicted performance of the model. The types, serial number, and numbers of samples in the calibration set and prediction set are described in Table 1 . 
Instruments and Software
Spectra were obtained by using a laser near-infrared vegetable oil quality detector developed by our group. The host is an XL410 laser near-infrared spectrometer, Axsun Co., Ltd., the United States. The measurement range was 1350-1800 nm. The number of scans was 32. The resolution was 3.5 cm Spectral collection process: firstly, the indoor temperature (25 °C), humidity, and light were kept in certain values. An oil sample was placed in the 2-mm cuvette and heated at 60 °C for 1 min. Each sample was measured in parallel for three times (Fig. 1) , and the average spectrum was taken as the final result.
Pretreatment
Experimental studies have proven that different pretreatments of spectra, before modeling, will result in varied impacts on the performance of a model. In our experiment, for the samples in the calibration set and prediction set, the combination of standard normal variable-detrend technology (SNV-DT algorithm) was used to eliminate the influences of baseline drift and optical path, to simplify the model and improve the prediction ability of the model.
Modeling Quantitative Model
Support vector machine regression (SVR) is commonly used in quantitative prediction analysis. It is shown that, in SVM, the error penalty factor C and the parameter g in the radial basis function (RBF) kernel function are the key factors affecting SVM performance [6] . Therefore, a regression model with high predictive correlation coefficients was built, based on optimized parameters (C, g) that were optimized with grid search algorithm (CV).
Qualitative Model
Support vector machine classification (SVC) can be used for multi-class classification. In our experiment, a classification model with high predictive correlation coefficients was also obtained on the basis of optimized parameters (C, g) with grid search algorithm (CV).
Results and Discussion

Accuracy and Feasibility of Identification of Edible Oil Type Based on Fatty Acid Content
According to the results, in the five types of commonly used edible oils (tea seed oil, sunflower oil, soybean oil, rapeseed oil, and peanut oil), the contents of fatty acids (palmitic acid, oleic acid, and linoleic acid) were evidently different. Hence, these five edible oils can be distinguished based on fatty acid contents according to national standards, by using support vector machine classification (SVC) method. Ten in the 33 samples in the prediction set (Table 1) , i.e. two samples in each type of the five edible oils, were selected to validate the feasibility of identification of edible oil type based on fatty acid content. The contents of the three fatty acids (determined with gas chromatography) were set as input values in the SVC model. Thus, the qualitative model of edible oil type was built. The determination and classification results of the five types of commonly used edible oils are listed in Table 2 . As shown in Table 2 , the established SVC model can accurately identify the types of common edible oils such as tea seed oil, sunflower oil, soybean oil, rapeseed oil and peanut oil. The accuracy rate with respect to the prediction set was 100% and the number of misjudgment was 0, which indicates that it is feasible to classify edible oils according to the contents of palmitic acid, oleic acid and linoleic acid. However, it is time-consuming using GC to determine the contents. In this study, we developed a near-infrared spectroscopic method, combined with SVR, to fast model and predict the contents of the three fatty acids.
Quantitative Model for the Fatty Acid Content
The collected near-infrared spectral data were set as the input values of the SVR model, and grid search algorithm (CV) was chosen to optimize parameters (C, g). Accordingly, three rapid-prediction models for fatty acid content were established. The contents of palmitic acid, oleic acid, and linoleic acid were predicted (Table 3) . In Table 3 , the built SVR model could precisely predict the contents of the three fatty acids. The correlation coefficients between the calibration set and the prediction set in the three quantitative prediction models were higher than 96% and 95%, respectively. The MSE values between the prediction set and the calibration set were comparable, indicating that the SVR model can accurately predict the fatty acid contents. In particular, correlation coefficients between the calibration set and the prediction set in the model for oleic acid content was nearly 100% (Figure 2 ). 
Quantitative-qualitative Model
The contents of the three fatty acids (palmitic acid, oleic acid and linoleic acid) in five kinds of oil samples were predicted in the built quantitative models, and the contents were then put into the prediction set for the qualitative model. The real contents of these fatty acids were set as the calibration set. Hence, the edible oil qualitative model would be built on the basis of the quantitative model. The results of the quantitative-qualitative model are shown in Table 4 . Data in Table 4 indicate that the built SVC model can accurately identify the type of the five common edible oils (tea seed oil, sunflower oil, soybean oil, rapeseed oil and peanut oil), indicating that the model based on NIS and SVR can fast and accurately predict the fatty acid content. The predicted values can be further used to classify the type of oil. The accuracy of the predicted result was up to 100%, demonstrating that the quantitative-qualitative model can identify types of edible oils rapidly and accurately. The predicted results are illustrated in Figure 3 .
Conclusion
The feasibility of the classification method of edible oils, based on fatty acid (palmitic acid, oleic acid, and linoleic acid) contents detected by near-infrared spectroscopy, was validated. The regression models for the contents of the three fatty acids were built, and all the correlation coefficients between the prediction set and the calibration set of fatty acid content were higher than 95%. The classification model for five common edible oils had an accuracy rate of 100%, indicating that using near-infrared spectroscopy can realize the rapid detection of fatty acid contents in edible oils and the identification of oil types. It is a novel approach to determine oil content and identify oil type.
